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ABSTRACT 

Spacer cable system has been widely used in Brazil in 
low polluted areas such as rural and urban areas. 
However, Brazilian national standards do not 
recommend installing spacer cable systems in medium 
and high-polluted areas, such as industrial areas and 
seacoast due to the accelerated aging process of the 
electrical equipment and accessories. In this paper is 
presented the evaluation of alternatives for the use of 
spacer cable system in medium and high-polluted areas 
by using new materials on the interface between the 
covered conductor and the spacer aiming the 
equalization of the electrical field due to its 
intensification caused by the setup geometry that can 
generate electrical tracking and erosion. Spacers (15 and 
35 kV polyethylene), insulators (15 kV polymeric and 
hybrid and 25 kV porcelain) and covered conductors with 
semiconducting shield were submitted to the test. The 
leakage currents of the insulators were measured. 
Besides the traditional configuration, other types were 
submitted to the tests on the interface between the cable 
and the spacer: semiconducting tubes on the cable, 
autofusion semiconducting tape on the cable and 
semiconducting tape on the spacer. The results showed 
the semiconductive tube as a better solution to the 
electrical tracking on the cable/spacer interface. The 
values of leakages currents from the ceramic insulators 
reached from 1 to 4 mA, while the current on the 
polymeric and hybrid reached values from 30 to 70 µA. 
The obtained results will serve to improve the 
development of new materials and prototypes applied to 
spacer cable systems. 

INTRODUCTION 

Overhead distribution lines with bare conductors present 
several limitations relative to technical and environmental 
aspects, such as high failure rates, low security level and 
high tree clearing [1]-[3]. Consequently, power electrical 
utilities are making many efforts in order to develop 

technologies to attend new customers needs and 
government requirements. In Brazil, spacer cable systems 
have been used since 1990 in low polluted areas such as 
rural and urban areas. Some electrical equipment and 
accessories used in spacer cable system are crosslinked 
polyethylene (XLPE) or high density polyethylene 
(HDPE) covered conductors, polymeric spacers (HDPE), 
polymeric pin insulators (HDPE), composite dead-end 
insulators (silicon rubber) and polymeric or composite 
line post insulators (HDPE or hybrid). Experiences have 
shown that these systems constitute economical and 
technical solutions for security and reliability of 
distribution lines [4]-[5]. Their compact configuration 
reduces exposure to trees and the outages consequently. 
Spacer cable lines have a compact design that tolerates 
intermittent contact with trees. Besides that, trees are 
allowed to grow much closer to spacer cable system if 
compared to bare wire systems. Such arrangements 
reduces tree clearing required to install a circuit. Other 
benefits are: operational cost reduction due to a much 
lower failure rate, improvement of personal safety, easy 
installation and operation, reduction in right-of-way and 
possibility of installing more than one circuit on a 
common pole [1]-[7]. Brazilian national standards do not 
recommend the installation of spacer cable systems in 
medium and heavy polluted areas, such as industrial areas 
(e.g. cement industries) and seacoast due to accelerated 
aging process on the electrical equipment and 
accessories. 
The main aging process on spacer cable systems are 
tracking, erosion and photodegradation of polymeric 
materials. Tracking is a superficial aging mechanism that 
induces formation of partially conducting paths (tracks) 
due to electric discharges action in insulation surface. It 
varies with surface-electric field intensity, leakage current 
magnitude, and the states of induced discharges, all of 
which are due to surface wetting and the degree of 
contamination. In medium and heavy polluted areas, 
several contaminants can induce tracking such as salt, 
dust, humidity and atmospheric chemical agents [8]-[9]. 
Once tracking occurs, the surface electrical insulation is 
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lost completely and it never recovers. Erosion is a 
progressive electrical insulation degradation originated 
from electrical discharge action. Both phenomena occur 
mainly in points of contact with grounded objects as tree 
branches, on interfaces between cables and interfaces 
between cables and spacers [8]-[9]. A recent study based 
on electric field simulation proves this information [10] 
Ultraviolet radiation is another ageing factor that can lead 
to photodegradation and contribute to reduce tracking 
resistance of polymer materials [8], [11]. Typical effects 
of photodegradation process are chain-scission and/or 
crosslinking of polymer chains. It is generally accepted 
that photodegradation processes are initiated in surface 
and then give rise to gradients of deteriorated material 
across the specimen thickness [11]. More recently, an 
article suggests that the tracking resistance must be 
improved as much as possible in order to extend the 
service life of spacer cable systems [10]. 
Leakage current is an important parameter for monitoring 
the performance of insulating materials when submitted 
to different pollution conditions [12]-[13]. This parameter 
can be used to selection of the best insulator profile for 
each site, maintenance schedule and minimize reduction 
of flashover outages [12]. 
This paper shows a conducted test to study alternatives 
for the use of spacer cable system in medium and high 
polluted areas by using new materials on the interface 
between the covered conductor and the spacer to 
minimize tracking and erosion phenomena. 

EXPERIMENTAL 

To evaluate the performance of spacer cable system 
configuration, a multistress test was assembled to study 
the use of alternative materials at the interface between 
the covered cable and the spacer. The assembly was 
based on the dielectric compatibility test used to evaluate 
the tracking resistance of spacers, insulators and ties of 
polymeric material [14] The test aims to generate 
information for the development of a new configuration 
of the spacer cable system for use in environments with 
medium and heavy severity pollution level. 
The electrical equipment and accessories used in the 
experimental set-up were: 

• Covered conductor (50 mm2) with internal 
semiconducting tape; 

• 25 kV line post insulator (porcelain, 3 units); 
• 15 kV pin insulator (polymeric, 1 unit); 
• 15 kV line post insulator (hybrid, 1 unit); 
• 15 kV line post insulator (porcelain, 1 unit); 
• 35 kV spacers (polymeric, 4 units); 
• 15 kV spacers (polymeric, 4 units). 

 
The materials used in the interface between covered 
conductor and spacer were: 

• Semiconducting tube on the covered conductor; 

• Autofusion semiconducting tape on the covered 
conductor; 

• Semiconducting tape on the spacer. 
In Table 1 are described the used electrical equipment 
and accessories as well as its adopted codes for sample 
identification. It is shown in Figure 1 the experimental 
set-up assembly of electrical equipment and accessories 
and in Figure 2 three different 15 kV spacers 
configurations: with semiconducting tape on the spacer, 
with autofusion semiconducting tape on the covered 
conductor and with semiconducting tube on the covered 
conductor. Similar assemblies were done for 35 kV 
spacers. 
 
Table 1. Electrical equipment used and accessories. 
Code Equipment Characteristics 
E1 35 kV spacers 

(HDPE) 
Semiconducting tube on 
the covered conductor 

E2 35 kV spacers 
(HDPE) 

Semiconducting tape on 
the spacer 

E3 35 kV spacers 
(HDPE) 

Semiconducting tape on 
the covered conductor 

E4 35 kV spacers 
(HDPE) 

Standard 

E5 15 kV spacers 
(HDPE) 

Standard 

E6 15 kV spacers 
(HDPE) 

Semiconducting tape on 
the covered conductor 

E7 15 kV spacers 
(HDPE) 

Semiconducting tape on 
the spacer 

E8 15 kV spacers 
(HDPE) 

Semiconducting tube on 
the covered conductor 

I1 25 kV line post 
insulator (porcelain) 

Standard 

I2 25 kV line post 
insulator (porcelain) 

Standard 

I3 25 kV line post 
insulator (porcelain) 

Standard 

I4 15 kV pin insulator 
(HDPE) 

Standard 

I5 15 kV line post 
insulator (hybrid) 

Standard 

I6 25 kV line post 
insulator (porcelain) 

Standard 

 

 
Figure 1. Experimental set-up. 
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Figure 2. Spacers: E6, E7 and E8. 

 
It is shown in Figures 3 and 4 the 25 kV porcelain line 
post insulators and 15 kV insulators (pin insulator, hybrid 
and porcelain), respectively. 
 

 
Figure 3. Porcelain insulators: I1, I2 and I3. 

 

 
Figure 4. Insulators: I4, I5 and I6. 

 
The multistress test was divided into three evaluation 
stages as shown in Table 2. During the test the samples 
were evaluated by visual inspection with photographic 
documentation, instrumental inspection and leakage 
current measurements.  
The visual inspection with photographic documentation 
was used to verify and register the occurrence of aging 
mechanisms such tracking and erosion. Instrumental 
inspection was performed only in the spacers by using 
corona measurements and leakage current measurements 

were performed in insulators. 
 
Table 2. Multistress test: evaluation stages 
Stage Period 

(days) 
Test parameters 

1 45 Temperature at covered conductor 
surface: 60º C; 
Spray cycles: five minutes with fog/ 
fifteen minutes without fog; 1mm/ 
min; water conductivity: 750 µS/cm; 
Applied voltage: 16 kV (phase-phase). 
 

2 30 Temperature at covered conductor 
surface: 60º C; 
Spray cycles: five minutes with fog/ 
fifteen minutes without fog; 1mm/ 
min; water conductivity: 750 µS/cm; 
Applied voltage: 16 kV (phase-earth). 
 

3 14 Temperature at covered conductor 
surface: 60º C; 
Spray cycles: five minutes with fog/ 
fifteen minutes without fog; 1mm/ 
min; water conductivity: 1500 µS/cm; 
Applied voltage: 16 kV (phase-earth). 
 

 

RESULTS 

Visual inspection 
At the end of stage 1 it was not verified tracking traces, 
erosion, fissures or cracks in the electrical equipment and 
accessories under test.  
At the end of step 3 several signs of tracking and erosion 
were observed. It is shown in Figures 5 and 6 the cases 
with the most marked degradation by tracking and 
erosion, which were two cases: semiconducting tape 
applied on the covered conductor and autofusion 
semiconducting tape applied on spacer, respectively. The 
semiconducting tube applied on the cable did not show 
any signs of tracking or erosion. 
 

 
Figure 5. E2: tracking and erosion. 
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Figure 6. E3: tracking and erosion. 

 
It was observed that 35 kV spacers had a slightly better 
performance than 15 kV spacers. It is suggested that a 
new spacer design (e.g. with a larger leakage distance or 
alternative shape) can lead to a better performance for use 
in medium and heavy polluted areas. Furthermore, the 
development of new materials can contribute to this 
purpose. 
 

Instrumental inspection 
It was observed the occurrence of corona more 
pronounced in case of application of the semiconducting 
tape on the covered conductor (Figures 7 and 8).  
 

 
Figure 7. E3: corona measurement. 

 
Figure 8. E6: corona measurement. 

 
In the case of semiconducting tape applied on the 3-phase 
spacer the corona intensity was lower. In the application 
of semiconducting tube over the covered conductor was 
not observed corona. 
 

Leakage current measurements 
It is shown in Figures 9 and 10 the leakage current values 
measured in stage 1 and stage 3, respectively, for 
insulators I4, I5 e I6, which are, respectively, pin 
insulator and line post insulators (hybrid and porcelain). 
In stage 1 (Figure 8) the leakage current in I4 remained in 
the range of 30 µA to 80 µA showing an increase at the 
end of stage. The leakage current in I5 was in the range 
of 30 µA a 50 µA. The leakage current in I6 showed 
values in excess of 300 µA and variable behavior over 
time. It was found that hybrid insulator has outperformed 
in stage 1 with leakage current 10 times lower than the 
porcelain insulator. 
In stage 3 (Figure 9) the leakage current in I4 was in the 
range of 200 µA to 800 µA with a trend to grow in the 
end of the stage. In I5 the leakage current remained in the 
range of 30 µA to 70 µA and the leakage current in I6 
showed values in the range of 30 µA to 1,7 mA. 

 
Figure 9. I4, I5 e I6: Stage 1 – Leakage current 

measurements. 

 
Figure 10. I4, I5 e I6: Stage 3 – Leakage current 

measurements. 
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These results demonstrate the excellent performance of 
hybrid line post insulator operating in a harsh 
environment and show the worst performance of 
porcelain line post insulator in terms of leakage current. 
The leakage current of hybrid line post insulator is about 
100 times smaller than porcelain line post insulator. 
 

CONCLUSIONS 

The use of semiconducting tube on the covered conductor 
showed the best performance in the multistress test. Then 
it is an interesting alternative for application on interfaces 
covered conductor/ spacer or covered conductor/ 
insulator to minimize tracking occurrence when the 
spacer cable system is operating in medium and heavy 
polluted areas. In the cases of semiconducting tape on the 
spacer and covered conductor, the occurrence of tracking 
was observed in regions near the end of the 
semiconducting tape. 
In visual inspection, it was observed that the pin insulator 
had tracking occurrence in the inner part next to the metal 
pin. The covered conductor also showed tracking traces 
in the interface with the porcelain line post insulator. The 
hybrid line post insulator showed no detectable and 
significant visual changes during the test. 
From leakage current measurements it was seen that the 
hybrid line post insulator showed constant performance 
over the three stages with leakage current values ranging 
from 30 µA to 70 µA. The polymeric pin insulator started 
the test with low leakage current values (30 µA a 50 µA) 
showing an increase over each stage of evaluation. At the 
end of testing this already yielded values in the range of 
800 µA. In turn, the porcelain line post insulator showed 
leakage currents in the range of 1 mA to 4 mA, i.e., 
approximately 100 times larger than the leakage current 
in the hybrid line post insulator. It shows that the hybrid 
line post insulator is a good alternative to use in medium 
and polluted areas. 
From the viewpoint of materials it was observed the best 
performance of silicone rubber. Polyethylene performed 
well in stage 1, but had a high leakage current in the stage 
3. It suggests that a new material formulation of 
polyethylene to be used in medium and heavy polluted 
areas. 
The results obtained in this study will serve to improve 
the development of new materials and prototypes applied 
to spacer cable system. 
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